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Abstract 
This work examines the influence of gas sampling method on semiconductor gas sensor response. The problem was investigated 
with reference to measurements of volatile organic compounds (VOCs) in indoor air, in real conditions. We compared diffusive 
and dynamic sampling. Based on experimental data, diffusive sampling resulted in smaller and more variable sensor responses. 
The issue may raise interest among the designers of indoor air monitoring devices based on gas sensors. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Sampling is an important stage of the measurement process accomplished with gas sensor devices [1]. It has strong 
influence on their performance characteristics, such as: response time, repeatability, reproducibility and power 
consumption. There are two main strategies of sampling: diffusive [2] and dynamic (active) [3]. Each of them has 
advantages and shortcomings. The aim of this work is to characterize the influence of sampling method on MOS 
response. Our study was motivated by the fact that a suitable sampling can improve the quality of measurement data 
obtained with a sensor device, especially in case of continuous measurements performed in real conditions. In this 
work we focused on the indication of VOCs in indoor air. Many of these species are responsible for odor sensation. 
Additionally, they may have strong impact on human health and productivity of workers [4]. 
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Nomenclature 
ܴ஺௜ sensor response at time point i during exposure while applying dynamic sampling ܴ஽௜  sensor response at time point i during exposure while applying diffusive sampling 
CV coefficient of variation 
TV temporal variation index 
2. Experimental 
The measurements were performed in a shopping center, in the part hosting multiple eateries. The main sources 
of VOCs emitted in that space were: cooking operations, meals served, as well as customers themselves.  
In the study there were involved two identical devices based on semiconductor gas sensors dedicated to indoor 
air quality measurements (Applied Sensor) [5]. They operated using diffusive sampling and sampling in the airflow. 
In the second case, the air flew in parallel to the perforated shield, behind which the sensing layer was placed. The 
configuration of the measuring unit is shown in Fig. 1. 
Fig. 1. Configuration of the measuring unit when: (a) diffusive and (b) dynamic sampling was used. 
The data from two sensors were collected simultaneously, with time resolution of 1s. Overall, there were recorded 
six time series of measurement data. Individual monitoring sessions were conducted on separate days. They lasted 
from 11 a.m. to 8 p.m. (9 h). Overall, there were conducted five monitoring sessions. 
3. Methods 
The influence of sampling method on MOS response was characterized in perspective of single time point and 
time interval. The indicator of sampling influence in time point was the difference between discrete responses of two 
sensors recorded at the same time. One sensor was operated using dynamic and the other using diffusive sampling. 
In time interval, the influence of sampling was examined based on the variability of sensors responses. There were 
examined two aspects of variability. The first was the variation of sensor responses recorded in discrete time points 
around the average response in time interval. The corresponding indicator was the coefficient of variation, CV given 













  (1) 
where: Ri is the discrete sensor response in time point i; i=1...n, and n is the size of time interval; തܴ is the average 
sensor response in time interval.  
The second aspect of variation referred to sensor response changes in discrete time steps referred to total 
change of response in time interval. We proposed temporal variation index, TV in order to quantify this aspect of 
variability. The index is given by formula 
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where: Ri and Ri+1 are sensor responses associated with subsequent discrete time points t and t+1; i=1...n-1, and n is 
the size of time interval.  
In this work, the CV and TV were calculated for 60 s long time intervals. The influence of sampling method was 
examined along entire the time series of measurement data. 
4. Results and discussion 
The exemplary time series of the measurement data is shown in Fig. 2a. It was recorded during one monitoring 
session. There are presented responses of two sensors. One of them was exposed using dynamic and the other using 
diffusive sampling. The coefficients of variation and temporal variation indexes calculated for these data are 
displayed in Fig. 2b and Fig. 2c, respectively. 
Fig. 2. (a) Sensors responses when diffusive (red) and dynamic (blue) sampling were used during exposure to indoor air in real conditions; (b) 
Coefficient of variation for sensors responses; (c) Temporal variation index for sensors responses; Results refer to time series D. 
As shown in Table 1, upon dynamic sampling discrete sensor responses associated with individual time points 
were typically 20 % to over 100 % higher compared with diffusive sampling. 
Table 1. Average difference between sensors responses when dynamic and diffusive sampling was used. ܴ௔௜ is the sensor response at time point 
i, while applying dynamic sampling. ܴௗ௜ refers to diffusive sampling. 
Time series ܴ௔ప െ ܴௗపതതതതതതതതതതതത [] ൬ோೌഢିோ೏ഢோ೏ഢ ൰
തതതതതതതതതതതത
 [%] 
A 0.48 33.09 
B 0.27 19.55 
C 0.40 22.02 
D 0.57 38.68 
E 2.15 105.33 
 
Based on the comparison of Table 2 and Table 3, temporal variation index (TV) better demonstrated differences 
between the influence of two gas sampling methods on MOS responses than coefficient of variation (CV). From the 
obtained results, diffusive sampling primarily enhanced changes of sensor response in discrete time step. On average, 
temporal variation index upon diffusive sampling was 66 % compared to 40 % for dynamic sampling, see Table 3. 
By analyzing individual time intervals it was observed that TVd > TVa during 55 % to 75 % of time in all measurement 
series. Additionally, in time when diffusive sampling evoked higher variation of responses, the difference between 
TVs for two sensors was typically higher compared with time when TVa > TVd. 
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Table 2. Variability of MOS responses indicated by CV [%]. ܥ ௔ܸ is CV when dynamic sampling was used; ܥ ௗܸ refers to diffusive sampling. 
Time series ܥ ௗܸതതതതത ܥ ௔ܸതതതതത Fraction of data time series when  ܥ ௗܸ ൐ ܥ ௔ܸ 
ሺܥ ௗܸ െ ܥ ௔ܸሻ  
if ܥ ௗܸ ൐ ܥ ௔ܸ 
ሺܥ ௔ܸ െ ܥ ௗܸሻ  
if ܥ ௔ܸ ൐ ܥ ௗܸ 
A 1.8 1.8 52.2 1.2 1.4 
B 1.9 2.0 62.9 1.2 2.5 
C 4.2 5.1 41.2 2.8 3.5 
D 1.6 1.3 57.6 1.0 0.7 
E 3.2 6.5 19.9 3.3 4.9 
Table 3. Variability of MOS responses indicated by TV [%]. ܶ ௔ܸ is TV when dynamic sampling was used; ܶ ௗܸ refers to diffusive sampling. 
Time series ܶ ௗܸതതതതത ܶ ௔ܸതതതതത Fraction of data time series when ܶ ௗܸ ൐ ܶ ௔ܸ 
ሺܶ ௗܸ െ ܶ ௔ܸሻ  
if ܶ ௗܸ ൐ ܶ ௔ܸ 
ሺܶ ௔ܸ െ ܶ ௗܸሻ  
if ܶ ௔ܸ ൐ ܶ ௗܸ 
A 84.2 91.2 63.9 116.6 226.1 
B 91.6 39.3 70.1 114.6 93.5 
C 31.6 28.8 55.0 48.0 52.3 
D 80.2 19.1 74.8 99.4 52.3 
E 39.7 23.7 63.2 55.0 51.0 
 
To a lesser extent diffusive sampling enhanced the variation of sensor responses around their mean value in time 
intervals. As shown in Table 2, the relation of CVd > CVa was observed for most of the measurement time (52 % to 
63 % ) in case of 3 of 5 data time series. However, if diffusive sampling evoked higher variation of responses, the 
difference between CVs for two sensors was typically smaller compared with the situation when CVa > CVd. Also 
the average coefficient of variation was smaller in case of diffusive sampling (2.6 %) than for dynamic one (3 %), 
although by a small amount. 
5. Conclusions 
Based on our experiments, in real measurement conditions MOS responses were higher and less variable upon 
dynamic sampling, compared to diffusive. As shown by temporal variation index, diffusive sampling amplified 
changes of sensor response between subsequent discrete time points. These findings are valuable for the development 
of accurate indoor air monitoring based on sensor devices. 
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